The enantioselective synthesis of α-hydroxy esters by ruthenium-catalyzed 1,2-addition of arylboronic acids to tertbutyl glyoxylate is described. The use of RuCl 2 (PPh 3 ) 3 with (R,R)-Me-BIPAM gave optically active mandelic acids of up to 99% ee. Addition of a fluoride salt such as potassium 10 fluoride KF or cesium fluoride CsF was effective for achieving high enantioselectivities.
Optically active mandelic acid derivatives are very important chiral building blocks for the synthesis of various bioactive products. 
Scheme 1 Asymmetric addition of arylboronic acids to glyoxylate. 50 aldehydes. 12 As an initial experiment under similar conditions, the reaction in the presence of 2 mol% of [RuCl 2 (p-cymene)] 2 and 2.2 mol% of (R,R)-Me-BIPAM resulted in 25% yield and 2% ee (entry 2). Several combinations of ruthenium(II) precursors, bases and ester alkyl groups revealed the high efficiency of 55 RuCl 2 (PPh 3 ) 3 and KF in toluene for the addition of PhB(OH) 2 to t-butyl glyoxylate (entry 7). Since hydrolysis of the ester is suppressed, the yield of the product was dependent on the bulkiness of the ester moiety of the substrate, as ethyl (59% yield), i-propyl (79% yield), and t-butyl (90% yield). On the other hand, other bases such as K 2 CO 3 and K 3 PO 4 previously used for addition to aldehydes were not effective (entries 9 and 10). It is interesting that increase of water resulted in lower yield (entry 11). The reaction also failed when other solvents such as CH 2 Cl 2 and THF were used. Finally, the desired 5 product was selectively afforded in 90% yield and 96% ee when the reaction was carried out at 80 ºC in toluene/H 2 O (10/1) in the presence of a RuCl 2 (PPh 3 ) 3 /(R,R)-Me-BIPAM catalyst (2/2.2 mol%). Results of arylation of tert-butyl glyoxylate with representative arylboronic acids are summarized in Table 2 .
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Representative para-and meta-substituted arylboronic acids with electron-donating or electron-withdrawing substituents afforded mandelic acid derivatives in good yields with high enantioselectivities in the range of 76-99% ee. 3-Chlorophenylboronic acid resulted in 16% ee when RuCl 2 (PPh 3 ) 3 15 was used as a catalyst precursor, and the ee was increased to 88% ee with 54% yield to reduce the steric hindrance than that of PPh 3 when PMePh 2 was added as a ligand (entries 8 and 9). The transmetalation between RuCl 2 (PPh 3 )((R,R)-Me-bipam) and ArBF n (OH) (3-n) 
